Seventeen species of Plusiinae have been found in Great Smoky Mountains National Park, in Tennessee and North Carolina, USA. These species are documented with adult images, description, flight period, abundance, elevation range, Park and general distribution, and larval hosts from the literature. Maps illustrate the known distribution of each species within the Park. Sixteen of the 17 species occur above 4,000 feet in elevation. The most diverse locality in the Park has 14 species.
Introduction
Great Smoky Mountains National Park (GSMNP) is one of the most biologically diverse areas in the temperate region. The Park straddles the Southern Appalachians in eastern Tennessee and western North Carolina and encompasses over 800 square miles (2,200 sq. km) , ranging in elevation from 875 to 6,643 feet (266-2,025 m). Ascending in altitude is equivalent to moving northward in latitude, which results in many northern and boreal moth species reaching their southern distribution in GSMNP.
Global biodiversity is in crisis with the prediction of the fastest mass extinction in biological history currently in progress. A number of threats to the Park's ecological integrity include invasive species in both terrestrial and aquatic habitats, very high deposits of nitrogen and sulfur, high ozone levels, and fragmentation of surrounding natural areas as a result of increased human development. To monitor these effects an All Taxa Biodiversity Inventory (ATBI) is currently underway in GSMNP to document all species of life there. Discover Life in America (DLIA) (www.discoverlifeinamerica.org), a nonprofit organization, is involved in identifying and developing resources and partnerships to conduct this inventory and related educational activities. In order to protect global biodiversity there needs to be a basic knowledge of species occurrence, abundance, and distribution. This is what DLIA is trying to accomplish in GSMNP with the ATBI effort. GSMNP contains all of the major forest types in the eastern United States and has one of the highest diversity of plants with more than 130 species of trees and over 4,000 other plant species. These factors, along with it being the most visited National Park in the country, make it a prime candidate to host the first ATBI in the eastern United States.
Prior to the implementation of the ATBI, there were scattered collecting records housed in the GSMNP collection at the Sugarlands Visitor Center dating back to 1934. In the fall of 1987 a cooperative study between the National Park Service and the University of Tennessee was conducted at 10 sites in the Park. The results of this study, combined with the prior collections, yielded a total of 291 species of Noctuidae, of which 180 were new Park records (http://www.discoverlife.org/nh/cl/GSMNP/lepidoptera_GSMNP.html# NOCTUIDAE).
The first ATBI Lepidoptera surveys sponsored by DLIA were implemented in 1999 and have continued to the present. Season long (May-October) surveys have been conducted since 2000. The Park is currently known to have 490 species of Nocutidae.
Using the Chao 1 species estimator (Coldwell and Coddington 1994) , Chao 1 = S obs + a 2 / 2b, where "S obs " is the number of observed species (490), "a" is the number of species represented by one specimen (67), and "b" is the number of species represented by two specimens (46), 539 species of Noctuidae are predicted to be present. Hence approximately 91% of the total predicted Noctuidae fauna of GSMNP has been documented.
The Plusiinae are called Looper Moths because most larvae in the subfamily lack prolegs on abdominal segments 3 and 4 which results in a looping motion of their abdomen when crawling, similar to the inch worms. The Looper Moths are the first subfamily treated to document the Noctuidae fauna of GSMNP. They are relatively well known for North America with two recent revisions of the subfamily (Eichlin and Cunningham 1978, Lafontaine and Poole 1991) . This treatment follows the nomenclature of Lafontaine and Poole (1991) . The Plusiinae are characterized by large upturned labial palps that extend above the eye, large scale tufts on the thorax, dorsal scale tufts on 1 or more abdominal segments, and a quadrifid hindwing (vein Cu appears 4-branched). More than half of the species in the Park have a characteristic silver stigma spot in the middle of the forewing.
The plusiines are represented by approximately 400 species world wide, of which 76 species are found in North America. Seventeen species of Plusiinae are currently known from the Park. Species that are likely to occur in the Park have been added in an effort to more completely represent the predicted fauna. It is difficult to compare the species richness of the plusiines in GSMNP with other localities due to the lack of faunal studies. Several localities in Ohio have been sampled for Lepidoptera diversity, and the highest species richness of plusiines recovered from these sites is eight (Rings, et al. 1987, Rings and Metzler 1992) . These localities lack many of the features that endow GSMNP with such a high diversity of life, so a comparison is not particularly meaningful.
Methods and Materials
Collections were made using a 15 w UV bulb attached to a box-type trap and various types of UV or mercury vapor light, either in bucket-type traps or against a white sheet. All specimens presently housed in the U. S. National Museum, Washington, DC collection have a unique number in the form of an attached barcode (USNM ENT 00000000). All specimens from the GSMNP ATBI project are databased. The Noctuidae database is in FileMaker7 ® ; the author retains format and a copy. This database is also part of the ATBI database kept by DLIA.
Photographs of adult moths were taken with a Nikon D1X digital camera using a Microptics ® ML-1000 Flash Fiber Optic Illumination System. In a few cases moths from outside the Park were photographed because of the poor condition of the Park specimens. Collection data is given for each illustrated specimen. The Plusiinae have been collected in 35 localities within GSMNP (Map 1). Each locality in Map 1 is numbered and corresponds with the data provided in Table 1 . MAP 1. Collecting localities of Plusiinae. Numbers refer to localities in Table 1 . 
Species Accounts
Tribe Abrostolini 1. Abrostola ovalis Guenée (Fig. 1 , Map 2) Identification: Forewing length 14.0-15.0 mm. Abrostola ovalis can be recognized by the pale ovate basal area of the forewing that is outlined with an inner brown line and an outer line of black scales. There are prominent scale tufts on the first three abdominal segments. Owing to the unique forewing pattern, this species cannot be confused with any other species known in the Park.
Flight period: 2 June to 1 August, with most records in June.
Collected localities: North Carolina: Haywood Co., Purchase Knob, N of house in forest; Swain Co., 0.2 mi NE of Twentymile Ranger Station. Tennessee: Sevier Co., Greenbrier area on Old Settlers Trail, end of Greenbrier Loop Rd., Jake's Creek trail. (7 specimens). Flight period: May to July and August and September (Lafontaine and Poole 1991) .
ZOOTAXA

Collection localities:
This species is likely to occur in the Park, but has not yet been recorded.
General distribution: This is a widespread northern species ranging from Nova Scotia across southern Canada to British Columbia and south to Washington and Oregon; in the remainder of the United States it is distributed from Maine south to western North Carolina, across the Great Plains to eastern Colorado; with an isolated population in southeastern Texas (Lafontaine and Poole 1991) .
Larval hosts: Unknown.
Tribe Argyrogrammatini
3. Enigmogramma basigera (Walker) ( Fig. 3 ) Identification: Forewing length 13.0-16.0 mm. Forewing ground color is reddishbrown with a contrasting darker median area. The metallic spots are separate with the proximal spot looped and having a long tail. The antemedial line that borders the dark median area is silver. There are no other species in the park that have the combination of a distinct reddish-brown forewing color and separate metallic spots.
Flight period: Flies throughout most of the year with records from February to November.
Collection localities: This species has been recorded from western North Carolina and is likely to occur in the Park, but has not yet been recorded.
General distribution: This is an eastern species ranging southern Maine to Florida, along the gulf coast to southern Texas, west to central Texas, and sporadically north to Illinois, southern Michigan, and Ohio (Lafontaine and Poole 1991) .
Larval hosts: Only two larvae are known, and these were reared on pennywort (Hydrocotyle umbellata L., Apiaceae) (Lafontaine and Poole 1991).
Trichoplusia ni (Hübner) Cabbage Looper (Fig. 4, Map 3)
Identification: Forewing length 15.0-18.0 mm. Trichoplusia ni has a silvery spot on the forewing that consists of a loop and a spot, which can either be separate or contiguous. The forewing is gray brown with a series of black streaks in the anterior half of the subterminal area. The hindwing is dark brown with a white fringe intersected with brown spots. Similar species that occur in the Park are Autographa precationis (Guenée) and Pseudoplusia includens (Walker). Both of the latter have a sheen to the forewing that is lacking in T. ni.
Flight period: Only three specimens are known, one collected on 9 June and the others taken from a malaise trap deployed 5-16 August 2002. Elevation range: 4800-4924 ft. (1463-1501 m) General distribution: This is the most widespread plusiine and occurs throughout the United States and southern Canada. It also occurs in the Antilles, Mexico, Central America, and in South America as far south as southern Brazil, Paraguay, and northern Argentina. In the Old World, T. ni occurs in most of Africa, the southern and central Palaearctic, and many areas in the Indo-Australian and Oriental regions (Lafontaine and Poole 1991) .
Larval hosts: Trichoplusia ni is polyphagous on many herbaceous plants. It is a major economic pest and prefers hosts in the family Brassicaceae, especially the genus Brassica, thus its common name (Lafontaine and Poole 1991) .
Ctenoplusia oxygramma (Geyer) (Fig. 5, Map 4)
Identification: Forewing length 15.0-18.0 mm. The silver spot in the forewing is elongate with either a round or pointed apex that is filled with slightly darker scales, which gives the spot its distinct thin silver margin. When the silver spot has a pointed apex, it resembles a pointed foot. The forewing is dark brown with a faint reniform spot that is outlined in black.
Flight period: June to mid October, with most specimens collected in early August. Identification: Forewing length 13.0-18.0 mm. Pseudoplusia includens has two silvery spots on the forewing that consist of a larger loop and a smaller circular spot, which are always separate. The forewing is gray brown with shiny, brassy-brown patches surrounding the silvery spots. These brassy-brown patches are best observed with a microscope. At the base of the forewing is a small dark patch that is faintly surrounded by thin white lines. The hindwing is dark brown with a white fringe intersected with brown spots. Pseudoplusia includens may be confused with A. precationis, but it can be separated by the presence of a dark spot in the marginal fringe of the forewing that is lacking in A. precationis.
Flight period: June to mid October, with the majority of specimens collected in September.
Collected localities: Larval hosts: Pseudoplusia includens is a major agricultural pest and is considered polyphagous on many herbaceous plants. Agricultural hosts include alfalfa, kidney bean, soybean, cotton, tobacco, tomato, mustard, and lettuce. It is the most serious pest of soybean, hence its common name (Lafontaine and Poole 1991) .
Tribe Plusiini
7. Rachiplusia ou (Guenée) Gray Looper Moth (Fig. 7) Identification: Forewing length 13.0-20.0 mm. Rachiplusia ou has a gray forewing with a pale oblique subterminal band that extends from the costa to the posterior margin. There is a small dark zigzag mark below the apex in the terminal portion of the forewing. The metallic silver spot consists of a loop with a small dot at its apex; the dot may or may not be separate from the loop. This species could be confused with T. ni, but all of the tibiae in R. ou are spined, especially the hind tibia; in contrast, there are no tibial spines in T. ni.
Flight period: Can be found in all months of the year in the southern part of its range (Lafontaine and Poole 1991) .
Collection localities: This species is likely to occur in the Park, but has not yet been recorded.
General distribution: This is a widespread species in North America. In Canada it ranges from Nova Scotia to Manitoba; in the United States from New York to Florida, across Texas and the Great Plains to Montana, Colorado, New Mexico, Arizona, and California; and R. ou is also found in Bermuda and the Dominican Republic; and Mexico south through Central America, Venezuela, and the Andes to Ecuador (Lafontaine and Poole 1991) .
Larval hosts:
Probably a general feeder on herbaceous plants. Hosts include Mexican tea (Chenopodium ambrosioides L., Chenopodiaceae), cultivated tobacco (Nicotiana tabacum L., Solanaceae), clover (Trifolium sp., Fabaceae), mint (Mentha sp., Lamiaceae), common wheat (Triticum aestivum L., Poaceae), and nasturtium (Tropaeolum sp., Tropaeolaceae) (Eichlin and Cunningham 1978) .
8. Allagrapha aerea (Hübner) Unspotted Looper Moth (Fig. 8, Map 6) Identification: Forewing length 15.0-19.0 mm. Allagrapha aerea lacks a silvery spot in the forewing. The forewing ground color is dark rufous brown, a subterminal band of dark brown runs diagonally from the apex to the posterior margin. This species can be confused with Diachrysia aereoides (Grote), but can be separated by several differences. In A. aerea the forewing pattern is not well defined, whereas in D. aereoides the forewing pattern consists of distinct lines, a spot with its apex attached to vein M in the middle of the discal cell, and a reniform spot, both outlined in black. The underside of the thorax is pale yellow to cream in A. aerea and pale orange in D. aereoides. The foretibia is gray to grayish brown; quite distinct from the thorax color in A. aerea, in D. aereoides the foretibia and thorax are concolorous.
Flight period: End of May to early June and end of July to mid October, two broods seem to be evident in GSMNP, with the first brood occurring from the end of May to mid June and a second from the end of July through mid October.
Collected localities: (Fig. 9, Map 7) Identification: Forewing length 17.0-18.0 mm. Diachrysia aereoides lacks a silvery spot on the forewing. The forewing ground color is rufous with a distinct pattern of lines and spots. The hindwing is gray with a tan fringe. This species may be confused with A. aerea; the differences between the two are described above.
Flight period: Early June to end of July. 10. Diachrysia balluca Geyer (Fig. 10, Map 8) Identification: Forewing length 20.0-25.0 mm. Diachrysia balluca is distinct with a pale gray forewing ground color with large patches of metallic green from below the discal cell to beyond the postmedial line and from the reniform spot to the outer margin. The hindwing is gray. The underside of the thorax is white with a brownish-yellow and brown prothorax. This species cannot be confused with any other in the Park. It is the largest plusiine in North America.
Flight period: End of July. The only other records in the South are from the type locality of Georgia (described in 1832) and Kimble's (1965) record from Liberty County in northwestern Florida, possibly representing strays.
Larval hosts: Diachrysia balluca feeds on mostly woody plants and including common hop (Humulus lupulus L., Cannabaceae), quaking aspen (Populus tremuloides Michx., Salicaceae), Canadian woodnettle (Laportea canadensis (L.) Wedd., Urticaceae), and raspberry (Rubus spp., Rosaceae). 11. Polychrysia morigera (Hy. Edwards) ( Fig. 11, Map 9) Identification: Forewing length 15.0-16.0 mm. The foot-shaped silvery spot in the forewing consists of a thin white line that extends to the postmedial line. The labial palpus is large and sickle-shaped, extending well above the head. These two characters separate Polychrysia morigera from all other plusiines in the Park. Forewing ground color is dark brown with an irregularly shaped black spot in the subterminal area just below the apex. Hindwing is gray to dark gray with a white fringe that is gray basally.
Flight period: Early June (1 specimen) and the end of July (3 specimens). Elevation range: 4000-6000 ft. (1219-1829 m) General distribution: This species is the rarest of the North American plusiines (Lafontaine and Poole 1991) . It has a clumped distribution. In the East, it is found in the Mississippi, Missouri, and Ohio River Valleys from Pennsylvania to Tennessee; in the Rocky Mountains it is found from Montana to Colorado; and on the West Coast it occurs from Oregon to northern California.
Larval hosts: The only reported host is Columbian larkspur (Delphinium trolliifolium Gray, Ranunculaceae) (Lafontaine and Poole 1991) . Covell and Medley (1986) reported adults trapped in the labellum of Kentucky lady's slippers (Cypripedium kentuckiense Reed, Orchidaceae) in Tennessee.
12.
Pseudeva purpurigera (Walker) Straight-lined Looper Moth (Fig. 12, Map 10) Identification: Forewing length 14.0-16.0 mm. Pseudeva purpurigera lacks a silvery spot on the forewing. Forewing ground color is pale rufous with metallic yellow patches below discal cell and proximal to the postmedial line and in the subterminal area. A pair of parallel postmedial lines with brown proximally and white distally are distinct and angulate from the apex to the posterior margin. There is a small black dot adjacent to the postmedial line at 3/4 length from costa on well-marked specimens. These characters distinguish P. purpurigera from other plusiine species in the Park. Hindwing is pale with a thin median line and darker marginal band.
Flight period: Early July. Collected localities: North Carolina: Swain Co., Big Cove Road. (1 specimen) Elevation range: 2120 ft. (646 m) General distribution: This species has a wide distribution and is most common in southern Canada and the northeastern U.S. It ranges from Newfoundland south to western North Carolina, west to Alberta, south to Colorado, New Mexico, and east-central Arizona. It is absent from the Great Plains states west of Illinois.
ZOOTAXA
Larval hosts:
This species feeds on early and tall meadow rue (Thalictrum dioicum L. and T. polygamum Muhl., Ranunculaceae), the same hosts as P. purpurigera (Lafontaine and Poole 1991) .
15. Autographa precationis (Guenée) Common Looper Moth (Fig. 15, Map 13) Identification: Forewing length 14.0-18.0 mm. Autographa precationis usually has two silvery spots on the forewing that consist of a loop and a spot, which can be either contiguous or separate. Forewing ground color is brown, with a shiny brassy area that surrounds the silvery spots and extends to the tornal area, and a large dark triangular patch in the terminal area from the apex to middle of outer margin. Autographa precationis may be confused with P. includens, but the shiny brassy brown areas are more extensive in P. includens, the silvery spots are separate, and there is a small dark spot on the fringe in the middle of the outer margin. Autographa precationis has a less extensive and not as shiny brassy brown area, the silvery spots are usually contiguous, but in some specimens they are separate, and there is no dark spot on the fringe in the forewing.
Flight period: June to October. Larval hosts: This is a polyphagous species that feeds on a wide variety of herbaceous plants in the following families: Apiaceae, Asteraceae, Brassicaceae, Chenopodiaceae, Convolvulaceae, Fabaceae, Malvaceae, Plantaginaceae, and Verbenaceae. Occasionally it is a pest of garden plants (Lafontaine and Poole 1991) .
16. Autographa ampla (Walker) Large Looper Moth (Fig. 16, Map 14) Identification: Forewing length 18.0-21.0 mm. Autographa ampla is a distinct species that has a small, narrow, loop-shaped silvery spot. Forewing ground color is brown with a large dark brown contrasting patch below the silvery spot along the posterior margin and a black outline of scales forming the reniform spot.
Flight period: June to mid July. (Eichlin and Cunningham 1978) .
17. Megalographa biloba (Stephens) Bilobed Looper Moth (Fig. 17, Map 15) Identification: Forewing length 14.0-19.0 mm. Megalographa biloba is a distinct species with a large bilobed silver spot surrounded by a patch of brassy brown. Forewing is brown, with a silvery, comma-shaped reniform spot, a small black dot dorsal to it, and a narrow terminal line along outer margin with a narrow brown patch at middle. Hindwing is gray to brown with a slightly darker marginal band.
Flight period: Late May to July. Elevation range: 4690-6540 ft. (1512-1993 m) General distribution: This is a widespread, highly migratory species that occurs throughout southern Canada, except western Canada, and throughout most of the U.S. It occurs throughout the rest of the New World except extreme southern South America. It has been collected in Hawaii and has migrated to Great Britain (Lafontaine and Poole 1991 (Fig. 18, Map 16) Identification: Forewing length 14.0-16.0 mm. Syngrapha alias has a silvery spot with two lobes that project toward the posterior margin. Forewing ground color is dark gray with a black area immediately surrounding the silvery spot, and fringe is white with black spots at end of wing veins giving a checked appearance. Hindwing is dark brown with a darker marginal band and white fringe with dark spots.
Flight period: Late July. (Fig. 19, Map 17) Identification: Forewing length 14.0-17.0 mm. Syngrapha rectangula has a similar shaped silvery spot to S. alias, but the spot is usually more robust and somewhat variable in shape and is contiguous with the large silvery basal area of the forewing. The middle of the forewing is black and the terminal third is banded white and gray with a black zig-zag line from apex to about 1/3 wing width. The fringe is white with black spots at ends of the wing veins as in S. alias. Hindwing is gray with a dark marginal band and fringe white with gray dots.
Flight period: End of June to August. Elevation range: 2720-4934 ft. (829-1504 m) General distribution: This species has a disjunct distribution in North America. In the north it ranges from Newfoundland, central Quebec, and northern Ontario to Manitoba, and south to northern Pennsylvania, southern Michigan, and northern Wisconsin. It is found in the Appalachians from southwestern Virginia, eastern Tennessee, and western North Carolina. In the West, it ranges from northern British Columbia, northern Idaho, western Montana, and south to southern Oregon.
Larval hosts: This is another Pinaceae feeder, but prefers balsam fir (Abies balsamea (L.) P. Mill) and western hemlock (Tsuga heterophylla (Raf.) Sarg.); other hosts include
ZOOTAXA
Discussion
The Plusiinae in Great Smoky Mountains National Park are predominately a high altitude group, with all species occurring above 4,000 ft. except for P. purpurigera, which is known from only a single specimen. Additional collecting may find P. purpurigera at higher altitudes because it has a boreal distribution like many other species of plusiines and reaches its southern most distribution in GSMNP. Two species, E. thyatyroides and P. includens, have the greatest altitudinal range within the park from below 2,000 ft. to above 5,000 ft. Only P. morigera is restricted to elevations above 5,000 ft.
The most species-rich locality within GSMNP is in the vicinity of Purchase Knob in Haywood Co., North Carolina with 14 species. Eleven separate geo-referenced localities represent the collections at Purchase Knob from 4,000 to 4,998 ft. in elevation. Several habitats occur here ranging from forests to open fields with grasses and wildflowers. This diversity in habitat, as well as being the most intensively collected of any of the sites results in the high species richness. The second most diverse localities each have five species: Elkmont (Sevier Co., TN) and three localities along Big Cove Rd. (Swain Co., NC), with an altitudinal range between 2,040 and 2,200 ft. Again, both of these localities have had more intensive collecting than others in this study.
The 17 species of Plusiinae present in GSMNP is significant when related to the fauna of the eastern and southeastern U.S. The most species-rich states in the east are Maine (31 species), New York (30), New Hampshire (26), Ohio (24) (Rings, et al. 1992) , Kentucky (21) (Covell 1999) , Pennsylvania (18), Maryland and Florida (Kimball 1965) (14), Virginia and Georgia (12), New Jersey (11), South Carolina (10), and Mississippi (9). There are 15 species reported from Tennessee and 13 of these occur in the Park. Of these 15 species, seven were new state records that were collected in the Park. North Carolina has been collected more extensively than Tennessee, and there are 20 species recorded for the state including 2 new state records from the Park. Sixteen of the 17 species in the Park are found on the North Carolina side.
